Introduction
Atherosclerosis and related complications still represent the major cause of morbidity and mortality in industrialized countries. The mechanisms governing the progression and destabilization of atheromatous lesions are multiple and complex, involving immune and inflammatory reactions. In particular, the interactions of cells of the innate immune system and inflammatory mediators orchestrate aspects of endothelial injury and subsequent plaque formation (1) (2) (3) .
The human leukocyte antigen-G (HLA-G) is a non-classic class I molecule of the major histocompatibility complex (MHC) (4) . The basal expression of HLA-G is generally restricted to fetal tissues (5), adult thymic medulla (6) , cornea (7) , pancreatic islets (8) and, notably, endothelial cell precursors (9) . It is worth noting, however, that HLA-G expression is upregulated in a number of inflammatory conditions (10) (11) (12) (13) (14) (15) . During the inflammatory response, HLA-G expressed by monocytes acts as a negative immune regulator (16) (17) (18) (19) (20) (21) , downregulating the production of Th1 as well as Th2 cytokines (22) . This fact is significant for inflammation phenomena evolution.
There is evidence to suggest that the tissue expression of HLA-G may be influenced by genetic polymorphisms on the HLA-G gene (23, 24) . In particular, a HLA-G insertion (Ins)/ deletion (Del) polymorphism (14 bp in exon 8 of the rs16375 gene) has been suggested to play a role in mRNA stability which affects HLA-G protein expression (25, 26) . This polymorphism is linked with another polymorphism (rs1632933) of HLA-G. Previous studies (27) (28) (29) have provided evidence of a significant involvement of these polymorphisms in situations where immune dysregulation plays a crucial pathogenetic role, including several inflammatory-mediated human disorders.
Working under the assumption that atherosclerosis is a chronic inflammatory disease, and considering the presence of the HLA-G protein in human endothelial cell precursors, assessing the frequency of these polymorphic variants in patients with coronary artery disease (CAD) is of vital importance. In this study, we sought to achieve this goal focusing on patients scheduled for coronary angiography.
Materials and methods
Study subjects. A total of 664 Caucasian Italian patients with CAD (530 males, 114 females; mean age, 63.2±8 years) were consecutively recruited from subjects referred for coronary angiography at the Cardiology Department of the University Hospital of Pavia, Italy. In each enrolled patient, a coronary lesion with >50% luminal stenosis in at least one major coronary vessel was documented by coronary angiography. Patients were excluded if they had a previous myocardial infarction, prior coronary revascularization, inflammatory bowel disease, asthma, allergic disorders, human immunodeficiency virus infection, autoimmune or malignant disease, history of organ transplantation, renal, or liver disease. All the study participants had no evidence of peripheral artery or cerebrovascular disease.
A total of 345 healthy blood donors matched for age and gender were employed as the controls. All included subjects were Caucasians, ascertained to be of Italian descent. A complete clinical history was obtained from all participants. The study protocol was approved by the local Ethics Committee of the University of Pavia and written informed consent to participate was obtained from all subjects.
Definition of cardiac risk factors. Established risk factors were defined as follows: hypertensive patients were defined as those in whom blood pressure was >140/90 mmHg (confirmed by measurements on several occasions) or had a history of antihypertensive therapy. Hypercholesterolemia was considered to be present if the serum cholesterol was >220 mg/dl or by the use of lipid lowering medications. Diabetes mellitus type 2 was defined as a prior diagnosis of the disease, a history of antidiabetic medication, or plasma fasting glucose levels of >126 mg/dl on two or more occasions. Cigarette smoking was categorized into 'ever' or 'never', with ever smoking defined as having smoked >3 cigarettes/day for at least 1 year. A positive family history of coronary disease was defined as documented CAD in parents or siblings before the age of 60 years in men, and 70 years in women. Each of these risk factors was coded as a categorical variable as either present or absent.
Genetic analysis. We studied the polymorphisms, rs16375 and rs1632933, as they were identified through Haploview (http:// www.broadinstitute.org/haploview) to be the most significant polymorphisms for our research.
Genomic DNA was extracted from EDTA-treated blood using the GFX DNA purification kit (Amersham Biosciences, Piscataway, NJ, USA). Polymerase chain reaction (PCR) amplification of exon 8 of the HLA-G gene was performed as previously described (30) . PCR amplifications were carried out in a total volume of 25 µl containing: 1 µl of genomic DNA (final concentration 20 ng/µl), 0.1 µl of Taq polymerase (Eurobio, Les Ulis, France; final concentration 0.02 U/µl), 1 µl of each primer (final concentration 4 ng/µl), 2.5 µl 10X PCR buffer (Eurobio), 0.75 µl MgCl 2 (Eurobio) (final concentration 1.5 mM), 2.5 µl dNTPs (final concentration 2 mM). PCR reactions of the 14-bp Ins/Del polymorphism of the HLA-G gene were performed using a I-Cycler (BioRad, Monza, Italy) under the following conditions: initial incubation at 94˚C for 2 min, followed by 35 cycles each of 94˚C for 30 sec, 64˚C for 1 min, 72˚C for 2 min; and a final extension at 72˚C for 7 min. The amplified PCR products were visualized on a 3% agarose gel stained with ethidium bromide. Amplicon sizes for the 14-bp polymorphism were 224 bp for the presence of the 14-bp fragment and 210 bp for the absence of the 14-bp fragment. PCR reactions of rs1632933 were performed using the LC480 thermocycler (Roche) by following Fret probes and primers (sensor, CTGTGATTACTGGGATCAG; anchor, CTGTGATT ACTAGGATCAG; primers: HLA-G R2, TGTCCTTAGCCAG GGACCTT and HLA-G F2, TGTGACAATGAAGGACAGA TTTATAACCTT).
Statistical analysis. All statistical analyses were conducted with use of the SPSS statistical package version 11.0 (SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test of normality was performed to verify the distribution of continuous data. A χ 2 test for goodness of fit was used to verify whether the observed allele frequencies agreed with those expected under the HardyWeinberg equilibrium. Allelic and genotypic distributions were estimated by allele counting and compared in the CAD and control groups by the χ 2 test. Univariate and multivariate logistic regression analyses were performed to examine whether the 14-bp Ins/Del polymorphism was associated with the risk of CAD after adjustment for age, gender and common cardiovascular risk factors. Crude and adjusted odds ratios (ORs) are reported with their 95% confidence intervals (CIs). The study power was calculated using StatMate software, version 2.0 (GraphPad, San Diego, CA, USA). Two-tailed P-values <0.05 were deemed to indicate statistically significant differences.
Frequencies and haplotype reconstructions were calculated using the H PLUS program from http://cougar.fhcrc.org/hplus/. Linkage disequilibrium was calculated using the JLIN 1.6.0 software (http://www.genepi.org.au/jlin/).
Results
The general characteristics of the study participants are depicted in Table I . As expected, the prevalence of common cardiac risk factors was significantly higher in CAD patients than in the controls. The distribution of the HLA-G Ins/Del polymorphism is shown in Table II .
Genotypes were in the Hardy-Weinberg equilibrium both in the patients and controls. Based on the observed prevalence of the homozygous Ins/Ins genotype in the healthy population, our sample size had a 95% power to detect a relative risk of 2.10 for CAD between carriers and non-carriers with a significance level (α) of 0.05 (two-tailed). The frequency of the homozygous Ins/Ins genotype found in our study was significantly higher in patients with CAD (21.2%) as compared to controls (15%) (P= 0.018). The crude OR for the presence of CAD in subjects bearing the homozygous Ins/Ins genotype was 1.51 (95% CI 1.07-2.15; P=0.018).
To clarify whether the observed association was independent of potential confounders, we performed a multivariate logistic regression analysis after allowance for potential confounders, including all the common cardiac risk factors listed in Table I . After confounding variables were controlled, the results showed that the homozygous Ins/Ins was significantly and independently associated with the presence of angiographic CAD (OR 2.09, 95% CI 1.10-4.02, P= 0.03). We analyzed a second polymorphism of HLA-G A/G (rs1632933). Our data showed no significant deviations between the 2 groups as regards either allelic or genotypic frequencies (Table III) . After having analyzed the allelic and genotypic frequencies of 2 HLA-G polymorphisms, our attention was focused on the importance of haplotype reconstruction. From the analysis of haplotypic frequencies, we did not obtain a statistically significant difference of frequencies in the group of CAD patients vs. the controls (Fig. 1) . Regarding the frequencies of the Del,A haplotype, the results were not statistically significant (OR 0.71, 95% CI 0.49±1.03, P=0.072).
Discussion
To the best of our knowledge, the present study is the first to demonstrate that the homozygous Ins/Ins genotype of the HLA-G 14-bp Ins/Del polymorphism (rs16375) is significantly associated with the presence of CAD in the Italian population. Notably, this association persisted after adjustments for potential confounders, including common cardiac risk factors as shown by the multivariate logistic regression analysis. Growing evidence has now accrued that the 14-bp polymorphism in the HLA-G gene is associated with splicing variants and the stability pattern of HLA-G mRNA (25, 26) . In particular, the insertion of this 14-bp sequence has been linked to a decreased mRNA stability resulting in lower circulating levels of the anti-inflammatory soluble HLA-G molecule (sHLA-G) 2 (6, 31) .
The results obtained in the present study show significant differences in the distribution of the HLA-G 14-bp polymorphism between Italian CAD patients and healthy subjects: the CAD population was characterized by an increased frequency of subjects with a genetically determined diminished production of the anti-inflammatory HLA-G molecule. From this first report of association between the 14-bp polymorphism in exon 8 of the HLA-G gene and CAD, it cannot be excluded that the association may be a consequence of linkage disequilibrium with other gene loci in the human MHC region. It is well described that the extended HLA-haplotype, including the HLA-DRB1 * 01/ * 04 combination, is associated with cardiovascular disease and mortality (32) . Of interest, an association between HLA-G polymorphisms and other chronic inflammatory disorders, such as inflammatory bowel disease (33, 34) , asthma (35, 36) and multiple sclerosis (37) (38) (39) , has been repeatedly reported. Besides the potential role played by HLA-G in inflammation and immunity (15) , there is evidence to suggest that this molecule may also modulate endothelial cell activity (40, 41) . In this regard, it has been previously demonstrated that purified recombinant soluble HLA-G is capable of downregulating endothelial cell proliferation and migration in vitro (42) . Taken together, these data point to a subtle, but definite role of HLA-G in vascular homeostasis that warrants further research for its potential pathophysiological role in atherogenesis.
In interpreting our findings, important limitations must be considered. Firstly, our study was a single-center case-control study, and additional investigations with a larger number of patients would be useful to confirm the importance of this polymorphism in affecting the risk of CAD. However, our sample size was appropriately powered based upon the observed frequency of the homozygous Ins/Ins genotype in our control population. Secondly, the link between the HLA-G polymorphism and CAD was observed in a group of Caucasian subjects from Italy. Therefore, further studies are required to clarify its association with CAD in different ancestral populations. Finally, in our study we did not specifically measure the levels of sHLA-G in the sera of our study participants; however, as the levels of sHLA-G are known to change according to different inflammatory responses, it would be difficult to correlate sHLA-G with CAD.
In conclusion, the data from our present study on the significant association between the HLA-G Ins/Ins genotype and CAD add a new risk factor to the multifactorial genetic contribution to this common inflammatory disease. We are the first group to have studied the 14-bp Ins/Del polymorphism of HLA-G in a CAD population. Future investigations should be focused on understanding the exact role of HLA-G genetic variants in the atherosclerotic processes, possibly by focusing on the functional association between the possibly reduced sHLA-G production and the 14-bp HLA-G polymorphism. In the future, we will analyze other important risk factors for the CAD development, such as C reactive protein, cytokines and fibrinogene.
